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Exercises Chapter 2 


1. Construct the system structure function for the following system 


(x) =1-((1-(1—x, )(— x,x,)) x, )((1- (- x0- x,x,)) x, ) (1-1 - x, (=, )) 


2. Construct the minimum path and minimum cut equivalent structures for a 2-out-of-3 system. 
The 2-out of 3 system is the one in which the proper functions of any 2 out of 3 
components implies that the system is functioning properly. The Min-Path sets for this system 


are P}={1,2}, Po={1,3} andP3={2,3}. Therefore, the min-path equivalent structure is: 
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1 2 
1 3 
2 3 


The Min-Cut sets for the system are C= {2,3}, Co= {1,3} and C3= {1,2} so the min-cut 


equivalent structure is: 


3. Construct the minimum path and minimum cut equivalent structures for a three component 
series system. 

For a three component series system, there is only one minimum path. The path set is 
P;={1,2,3} and the min-path equivalent structure is identical to the system structure. The min 
cut sets are Cy= {1}, Co= {2} and C3= {3} and the min-cut equivalent structure is also identical 


to the system structure. 
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4. Construct the minimum path and minimum cut equivalent structures for a three component 
parallel system. 

For a three component parallel system, there are three min-paths for which the path sets 
are Py={1}, Po={2} and P3={3} so the min path equivalent structure is identical to the system 
structure. There is one min cut set C;= {1,2 3} and the min-cut equivalent structure is also 


identical to the system structure. 


5. Show that the status of any system structure is bounded below by the state of the series system 


comprised of the same components and is bounded above by the state of the parallel system 


comprised of the same components. That is, show that] | x; S P(x) LU Mes 
i=l i=l 


If []« =Oit is necessarily less than or equal to @(x) and if] | x, =1 then x, =1, Vi so 


i=1 i=l 


Ø(x)=1. Thus, the status of the series structure bounds @(x) from below. 


if] | x, =l then @(x) does not exceed it and if LUI x, = 0 then x, = 0, Vi so it must be the 


i=l i=l 
case that @(x)=0. Thus, the status of the parallel structure bounds @(x) from above. 


6. Construct the minimum path and minimum cut equivalent structures for the following system: 
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The Min-Path sets and the min-path equivalent structure are P}={1,2,3}; Po={1,2,5,7}; 


P3={1,4,7}; Pa={6,7}; Ps={3,5,6}; Pe={1,3,4,5}; Po={2,3,4,6} 


1 2 3 

1 2 5 7 
1 4 7 

6 7 

6 5 3 

1 4 3 3 
6 4 2 3 


The Min-Cut sets and min-cut equivalent structure are C1={3,7 }; Co={1,6}; C3={2,5,7}; 


C4={2,4,6};Cs={ 1,4,5,7}; Co={6,4,5,3} 
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The Min-Path sets are P}={1,5,7}; Po2={2,5,7}; P3={1,5,6,8}; Pua={1,5,6,9}; P5={2,5,6,8}; 


Po={2,5,6,9}; P7={3,4,6,8}, Ps={3,4,6,9} and Po={3,4,6,5,7}. 


The min-path equivalent structure is: 
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The Min-Cut sets are C1={5,3 };, Co={5,4}; C3={5,6}; Ca={7,6} ;Cs={1,2,3}; Co={1,2,4}, 


C7={5,8,9} and Cs={7,8,9}. The min-cut equivalent structure is: 
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8. Construct the minimum path and minimum cut equivalent structures for the following system: 


The Min Path sets are Pj={2,5}; Po={ 1,4}; P3={1,3,5}; Pu={2,3,4} so the min-path equivalent 


structure is: 


The Min-Cut sets are Cyj={4,5}; Co={1,2}; C3={2,3,4}; C4={ 1,3,5} so the min-cut equivalent 


structure is: 
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9. Construct and compare the minimum path and minimum cut equivalent structures for the 


following systems: 


For the system on the left, the Min-Path sets are P}={1,3}; P2={2,4} and the min-path equivalent 


system is: 


The Min-Cut sets are Cy={ 1,2}; Co={3,4}; C3={ 1,4}; Ca={2,3} 


2 4 4 3 


For the system on the right, the Min-Path sets are P);={1,3}; P2={1,4}; P3={2,3}; P4={2,4} so the 


min-path equivalent structure is 
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The Min-Cut sets are Cj={1,2}; Co={3,4} so the min-cut equivalent system is: 


10. Consider a structure having status function @(x) and define the parallel and series 


composition operations as component by component. That is, let x] ] y= œl Yoe x, [] yn) 


and | | xy =(4,),...-,y,). Show that (a) O(a] J y) 24 90) and (6) of J 2y) < 6G). 


Then, use (a) to interpret the relationships of problem 8. 


For inequality (a), note that ra y,2 x, Vi so ox] | y) 2 P(x) and xI [ y,2 y; Vi so 
ga] | y) = 9) and thus O(a] | y) = max[¢(~), po = 6] [ 40). 
For inequality (b) x,y, < x; Viand x,y, < y; Viso@(] | xy) < gœ) and 6(f | xy) <0) 


And thus @([ | xy) < minl, pO = (0) 0(y). 
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Inequality (a) indicated that putting components in parallel yields better structural status 


than does using parallel copies of a system. 


11. Consider the following 6 component system in which components 1 and 6 are identical and 


components 2 and 3 are identical. 


Identify the min paths, the min path equivalent system and the structure function for the 
equivalent system. Then, identify the min cuts, the min cut equivalent system and the structure 


function for the equivalent system. 


The Min Paths are P ={1}, P, ={2,6}, P, ={2,3,4}, P, ={2,3,5} so the equivalent 


system is 
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Thus: 


P(x) = ÚM -1- ii -a)i —(1-x,)(1—x,x,) (1- xxx, )(1- xxx; ) 


j=1_ieP; ieP. 


The Min Cuts are C, = {1,2}, C, = {1,3,6}, C, = {1,4,5,6} so the equivalent system is 


and 


G(X) = pi-i) -[Ja- ») 


k=l ieC, k=l ie Cy 


=(1-(l-x,)d-x,))(1-d-x,)d-x,)d-,))(1-- x) -x,)-x,)d-,)) 


12. Suggest a system structure model for a bicycle. Indicate which component failures could 


occur without putting the rider in danger. 


The bicycle should be viewed as a series system for which the components are { brakes, 
brake cables, handlebars, tires/tubes, pedals/bottom bracket, chain, front gear, rear gear, front 
derailleur, rear derailleur, shift cables, frame, seat}. 

Failure of the brake or shifter cables, of the chain or of either of the derailleurs would 
render the bicycle incapable of proper function but would probably not cause rider injury. For 
brakes, tires and tubes, injury is more likely and for the handlebars, frame and seat, the injury 


chances are greater. 


https://gioumeh.com/product/reliability-—engineering-solution/ 


13. For the system structure in problem 6, suggest a structural representation using modules. 
By defining module A={1,2}, module B={3,4} and module C={8,9}, the system 


structure becomes: 


14. Identify the primary modules of an automobile. 
For most automobiles, a reasonable set of modules would be the suspensions system, the 
drive train, the chassis, the fuel supply system, the braking system, the passenger compartment, 


and the control system which should include illumination and climate control. 


15. Identify three systems which are appropriately viewed as multi-state systems because the 
systems or their components are sometimes operated at reduced levels. 
Power generation systems, manufacturing equipment such as cutting machines, material 


handling systems such as conveyor belts. 
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